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The Federal Role in Groundwater Supply
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roundwater, the water in aquifers accessible

wat er . ssleprpvileyswatse f os od o e salsi rcr iugseet i on water fc

agriculittwrdes,miannalid, and gas ndlaivsdlro mrhe ptr,oces s e s
l'iveptodbkamd oinher mo egleencetrrairma rognoussteth eMa nagi ng

groundwater rheekseencebel puogei gw of states rather
How eaoransatgetse it s groundwater resources differs

emerging ''er eonnt utrhye 1s@ ate | aw, courtto dae cliessisoenrs , W ¢
ext,eader al | aw.i nl hnea f aegdiernr g Ingerd coddnedsw natiteerd e r &l e s
trust r edpomndsiami Itirtiibeessl ta nal s amairrm@launkeas s
responsidedfiadersalf orés¢ehesofpudamose reseryvations r
suclkoame nati onaht nioonrgehsehnsttsa,r y bases, and ot her f
hol di ngaddifteideemr,alt lpover nment is involved in grol
assessment and in aspects of groundwater recharg
congr eisrsti @amegdrtouihdwabeen broadly related to pol i
suppl i es greenseprtoanlsiree,c eya ndl rionnghrntesparati on for futu
I nec@mtgr gssostdessmb éday e i ntrodoudboadualfd ggicd | atoiwo n
groundwater resources may be managed to better e
seveudh (olrs porduimmblame been enacted into | aw. Dr
conasitnred suppl i esawé!| ppaiftadt e gwaiTdteisvee caontdi dm.ons
continue to affect many regions in weshern state
nat3iCom.gcesckodnt i nue t o exphappoel iicys, acuotnhdourcitt yo vieor s i
provide appfromprfiaederomml activities that influence
United States. This report is intended to provid
aut horities antdhacsupplhlygresunmdwstestio D ¢

Whertetlas st ates primarVX§gSOhhamdaeg al g pd way dmoanteen It
direct role insmanagil#pa&dwee xppahHoloepr e hensi ve
Environmental Response, @&mmpeABscdli omedq mmdi 2e :abi l
fedetabhnup and enforcement actions to respond to

envi rtpinnnmcelnudi ng. gt auaddatSeadre, Dr i 4RI EMWHfer Act
et )aeqhorizes the U. S. E n(vE PtoOn meengtual | a t Rer outnedcetrigorno
i njeaxdtiionndot peast ect under gr ou,nd mscoluwdciensg oifn jdectnikar
used for aquilThed orepiemdrupssageduh swagp,plnyot
groundwatier quality.

Theport is divitedfipsovibwespagteupBEwgypdr of

andanageméemicl|l udimaposel estied before Congress. The
more detail erdd wartieesr®u r @ re aheuldeuvnagn t  f eacheadr a | activit
authorities

1 Unless otherwise noted, the terindian, Indian tribes andtribal reservationgefer to the approximately 1.9 million
American Indians and Alaska Natives, the more than 570 federally recognized Indian tribes, and tribal land within
resevation boundaries.

2 Surface water includes streams, rivers, lakes, ponds, and is not groundwater or atmospheric water like rain or snow.
3 For a general overview of drought in the United StatesC&® Report R4340DQrought in the United States:
Causes and Current Understandjray Peter Folger

4Many CRS resources address issues of groundwater quality, inclCigi@dReport R4103% omprehensive

Envirormental Response, Compensation, and Liability Act: A Summary of Superfund Cleanup Authorities and Related
Provisions of the Acby David M. BearderandCRS Report RL3124Fafe Drinking Water Act (SDWAA Summary

of the Act and Its Major Requiremenly Mary Tiemann

Congressional Research Service 1



The Federal Role in Groundwater Supply

~ Ve

YI UYDPI b
61 Owll OPI UwOOwW&UOUOEPEUI Uy
Nearly half of therduSdwaopaethti energld2@sheerdg.

g oundwad etrhe pr iweatfepdrosnoeusrtciec oifndoor and outdoor
about 14%4%opikled% otnhe U. SMopopUWl Stiontizens (appro

million people, or 87%) depéhhedr emaipruibng cl W%t er
(approxi matel ye¥2s bppmliiléd otnh @iero pd wn water, and n
(98% or about 42 million) pWhmpetd B8B&® what pubfron
supply wat eramasb ogurto uln0d7w antield)lriooum dpvad pelre fusom publ i

I
supp’lCoendi netddei mipleloipdre pumping groundwater from
an estlidBatmed | i ®Ini gordcowmoewat er i n 2015.
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Thgr ea¥RGMPHgr oundwater wused is f agratagrbculnt RrOel,
rrigationowamoafiired hf gr oundwater withdrawals ir
whichrrespondé@di it gabmoonsbgpaemrddywati on withdrawal
compar&4dg gidbn Iwi t hdr awaulsse fpoorb tdhacmessutgipcpyp | aed sel f
grounéwat gbdtoault 22% of all fr &3%Amognrgo van d wastteart ewsi,t |
Cal i fusrerhiea most groundwai ¢ hd8 lg®pidin g5ni dgRadKliamms as i s
second, wi28bgdir ma wi mg ,s afnoel |yoenberda shkjgp d b, 4Rdaho (4. 9
bgpdiex dasdg(pd), and dfEpd’Pasr @Rl , groundwater withdr
irrigatB@kc®unted for 48% of the ,toanmli ncarteears ewi ot ff

16 %mpar ed tlon xOolndsair if a@wre, wat er soofu rtcoetsa ls uiprprlii geadt i
withdrawal s, a decré?dase of about 8% from 2010

JLIXUH l ustrates the amount of groundwater withdr
western states tend to use the most groundwater,
supphgt cai nt s.

5 Cheryl A. Dieter and Molly A. MaupirRublic Supply and Domestic Water Use in the United States, 0S5
Geological Survey (USGS), Opéiile Report 20171131, 2017, ahttps://doi.orgl0.31336fr20171131 (Hereinafter,
Dieter and Maupin, 2017.)

6 Public water supplyas used in USGS reports and herein, refers to water withdrawn by public and private water
suppliers thaprovide water to at least 25 people or have a minimum of 15 connections. It excludepphdd
domestic withdrawals.

7 Dieter and Maupin, 2017.

8 Cheryl A. Dieter et al Estimated Use of Water in the United States in 2U88GS, Circular 1441, 2018t
https://pubs.er.usgs.g@ublicationtirl441 (Hereinafter, Dieter et al., 2018.) 2015 is the most recent year for which
these data are available. Nearly all groundwater withdrawals inv28d5freshwater (about 97%); the remainder (3%)
were saline water withdrawals.

9 Irrigation, public supply, and seffupplied groundwater withdrawals accounted for about 92% of the total fresh
groundwater pumped in 2015. The remaining 8% included usésdsiock, aquaculture, industrial, mining, and
thermoelectric power. Dieter et al., 2018, Table 4a.

10 Djeter et al., 2018, Table 7.
1 Dieter et al., 2018, p. 28.
2 Djeter et al., 2018, p. 28.
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Figure 1. Groundwater Withdrawals for Irrigation (201 5)

EXPLANATION
Water withdrawals,
in million gallons
per day
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=1 1,001 to 5,000
I 5,001 to 15,000

Source: Cheryl A. Dieter et al. Estimated Use of Water in the United States in @8G35, Circular 1441, 2018,
at https://pubs.er.usgs.gpublication¢irl441 p. 29, figure 7.(Modified by CRS.)
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The federal government directly and indirectly
UnitedS&sSvaraler al agencies monitor @dtobuodwgat er
measurements adawel t sunainrdd gspatienlglsi t es or ot her
devices to provide information on groumdwater
that help inform state amhasidned aldegndiwen ddwst e iGemd n
Survey (USGS), the National Aeronautics and

At mospheric Administration (NOAAjJUSRBAY. the U.S.

Congress has provided other fadarn & lamiagieenrci es

del i vemwmed st foe dalr alt wat era waeisioaubrl|cger opurnodjweacttesr r e c h

storage, aerder ageweiugle mMbhiep alwof epdreir al water reso
the U.S. Ar my GQioSrACsEho ct hEmngpiemaers nhati onwi de)
Recl anRddloanmattiicoon operates in the 17 coterminous
Ri ver ). Acdoduirdtvs niad wlydnt hhe federal government
particular purpose (such as for a tribal reserva
right to water necessary to accomplisThushe purpo
feder al l and mandgéemenBuagamwmdimafmgehundl aadAf hawas er
right scedesaksreserved water rights doctrine
more recently, it is also being considered for

13 For more information on the roles of the agencies, see thebg s eFederal Adtivitiesiand Authoritieso

Congressional Research Service 3



The Federal Role in Groundwater Supply

"OOT Ul UUPOOGEOwW( 601 Ul UU
I n receongryesasiso ngarlo uinndivesteagreé n € mtah rMetg becear eas
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X groundcwaptmdmi toring and assessment

I n some cases, these issues overl ap.
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controd YdelAtvehy same time, the federal gover nme
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conduwcatgeud f er storage, VEr®veeyrdmbhil@§or ewkktbange.
I iamwo lcwenpéd retx, tied to the | ong and compl i
st altegavlataedj udiwcati on, federal deference

ally cruder understanding of how groundw
ce water.
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publ i c damndoutsogmo esdswanherdip esnteod aigre rheacse rsth ay e a
particularly imajdreacghtoneventre.ce@dngressi onal i n
pot efndri at he fedeoabsgbserwmehtstate, | ocal, and
management efforts, including efforts to use sur
aqui fers and to recover (i.e., pump Stooseedre sur f a
aqui femgernecldlaoraeageyveay asmpoatenyi abrgacemphger

storage; some also see these projects as possi bl
reservoirs that may fpewaneilronsnetndsatl| y ssmudk/sar pos

Feder alt ivem®e @l amat ipcamvi de wat €§8ACHBsrttoorrerf iogaatteiron a
various. puheoes geud wiodmptpiog sfuonri ttihees f eder al govern
promote aquifer r ec h(asreged ,o ws téleeecd g reoanl , Rieul taht eercdiott yo r y
Groundwater Recharge.) Gurorreargtel,y,antdh eRreec oavrea yno ge

restr i ctnioonnfseudseaf atbhaet er del i vered by Recl amati on
aqui fer recharge, storage, and recovery purposes
environment al protection | aws may aff®ct the use

“For more background on t hFeseratAutharitsRplated taGreuedwdten Recharge, ow sect i o
Storage, and Recoveryd

15 An example of anajoraquifer storage project currently operating within a larger water storage framework is the

Kern Water Bank, a water storage bank that operates on about 20,000 acres southwest of Bakersfield, California. As of

2018, the bank could store about 1.5 million geet of readilyavailable water underground, with the ability to

recover approximately4D,000 acrdeet within a 1émonth period. Since its construction in 1996, the bank has formed

an i mportant component of .Forarore informationaséetp://wnavikvebrorg/st or age net wo
index.cfmfuseactionPages.Pagel/330.

16 For example, injection wells used for aquifer recharge or aquifer storage and recovery require a permit under the
federal Safe Drinking Water Act (42 U.S.C. 8300h). For further informagieehttps://www.epa.gowvic/aquifer
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Alth@€mghess has authorized aquiyfer sowme aigredi vied!t
projeeneasmnalgr essi oinmIt hdiwsisdadrreszeen | i mi t ed. Under t he
I nfrastructure | mpr oWlelme RAckt.-F DA 4 tClopmglletsded Act (
genamuathy rRieoccrl amat i on atnod seunphpaonrcte dn efuwerdfearcael aanndd st a
groundwater stor age |lepdmortewm$R eenldama tcieornt,aithSDA, a
EPA also provide some forms of financial assista
and recovery.
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1
One reason ofeveh udioemd of oditherent | egal fr amewc
surface water in maskndétansetandsnghefrgtraundwater
mov e menntt'fher dl ®8ord ryt RrOi es, when estt @bt Slsahwsl amodirt s
rul es allocating groundwater. Surface water was I
groundwater was considered different and myster:i
bottom of a well. One commenmtoatna@mwan @tre ¢ otmmatn tl lae
England and the Undnteufsyd evedpsesl idifas geoe@amawat er
hydrol ogy and hydraulics were virtually unknown
from 1861 referri mgmnmeind agmoumsawat er , the <co

>"7—e Se751S—e1 75¢SEZ1 Se7Z>
d

the existence, origin, movement and course of such waters, and the causes which govern
and direct their movements, are secret, occult and concealdthat an attempt to
administer any set of legal rules in respect to them would be iwaiv hopeless
uncertainty, and would be, therefore, practically impossfole.

Groundwater s<ciiegmicféirdiaetsmace t he interim, partict
interconnected nature of surface water and groun
aqui fers. Some observers argue that groundwater
because héreclouwcrttashce to unsettle a system of comn
principle of property rights; observers note tha
cha®s.

The compli catreod naaavse ¢ga nodf p wacattihge beicaumset any ne\
executive branch action or federal l egi sl ation a
resources mawt@adodidtismed esn@ate and | ocal groundwat
practice of managi ng drogen dhvedtRQm Xty dy ¢ rPfDaQcDel HWR &l €
better reflects the intertwinend maantyu rsei toufa tg roonusn d

rechargeandaquiferstorageandrecovery

YFor more infor mat iReclamaticsAatborityte Pravide Financial Suppddr Gréundwater
Storage 0

18 Joseph W. Dellapenn&A Primer on Groundwater Lawldaho Law Revieywol. 49, no. 2652013) p. 267
Hereanafter Dellapenna, 2013.

19 Dellapenna, 2013, citing Frazier v. Brown, 12 Ohio St. 294, 311 (1861).
20 Dellapenna, 2013, p. 268.

Congressional Research Service 5



The Federal Role in Groundwater Supply

generatbgni zed as an effective management appr oa
groundwat @rmelsawl osecsmentot refl-gcoundwaddr esst ¢ehaont
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Fedemreaderved watérs minghmpodoanti ce@encept in groun:
hol ds that when the feflerah paveiromenant pesppges
tribal reservation or national monument), the go
necessary to accomplish the pri mar?¥Sipnurep 0ls9e0 8f,0r

when the Supbleimeh&€dutr meQGWHRY rYi 8BOLWHGr GV DWHV e app
this doctsuirdi &AAMa wah e2617t lecUs$SonCoitheof Appeal
Nint h (ONirnctuni tCi rcuit) held, for the fdwateti me,
as wel |

Congress has recently been involved in Indian wa
rights to surface water supplies and the appropr
The i mportance of @m o uipgbwlditnecsr etadsii sncgil @ rebdlevitartg b a |
ri gthot gr owmrcewdtheer s ubljietcibthatf ongoing
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Al though the states have assumed primary respons
fedagahcies monitor, forecast, and as©a®s gr ound
agency, USGS, within the Department of the Inter
regul atory or management responsi bhialsi tmoensi tfoore dwa
and reported groundwater conditions across the ¢

ware tools for characaedi-ghompt Aqguec¢esss ahd
ging groundwater condigtboaonswas$@maest udf esocal
rmation is used todsaippiocsaamdhlearesesleaf tthat e, a
ucted in collaboration with federal, st at e,
its disteebavedl whtertdasabhkehol ders. The d
o tka toifo ns stuhrafwadfiEnoiwg oouhadwealasmd wadermogual ity

S5O TTOW”W

2lsee, for exampl e, t heFeddralResenze\Water Rigme and StavefLawdClaingit c e , i
https://www.justice.gownrdfederatreservedwvaterrights-andstatelaw-claims The nature of the water right for a

specific federal reservation depends on various aspedis oé$ervation, such as its purpose and the mechanism for

the reservation; the discussion herein is intended to introduce the topic of groundwater rights related to federal
reservations generally and is not intended to clarify how the specific rightsdrédad reservation are determined. For
examplejn some cases, Congress has expressly not reserved water rights.

22 \Winters v. United States, 207 U.S. 564, &75(1908).

23 Agua Caliente Band of Cahuilla Indians v. Coachella Valley Water District, N65886 (3" Cir. 2017).

24 See, for exampleCRS Insight IN10857ederal Reserved Water Rights and Groundwater: Quantity, Quality, and
Pore Spaceby Peter Folger

25For more information ontherolesdfe agenci es, s eRedetalAetivititahdAwthositiesdt i on, 0

26U S G USGSiGroundwater Information USGS Groundwater Science for a Changing
https://water.usgs.goagw/about/
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the nation. The -dattabbhemtiacbudesftromgmore than
grouhdwameasufement sites.

Ot her agenMAS®A ,and cNhO s, make observations and c
relevant to groundwat er -artosé rtwirn gn gs atnal laistses stmea
in gravity, for e xcahnapnligee,s ctaon |hoeslspe sl ionrk gtahionsse i n 1
groundwater due to p@mpishgmati necbéargeoudNOAAsSevVeE
country, as expressed®iinmc|tulde sU.tS.e [Rrsd u grhatt i Mon iotf o
drought on pgploAadlcs®Aecoblbects irrigation data, i
well s, characteristics of aquifers used for irri
we l# s .
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Groundwater s cC
i t

i
introduction o fundamental concepts relevant

Groundwater is
and miner al gr ai

which completel y)LOKYUMH s Sthecpbyesppakeéeng, an a
per meabl e (i e., groundwater can move readily
economic quantities *fn vatheird twoamrvaesrl $droid |ssp rai
watheerari ng |l ayer 6$ometkmedRUBRWL@&@mnaars pump suf
guantities of groundwater to irrigate crops,
washing,f drhneantainohiae consi delmeds ame afqai fmhemr . did if | |
could not pump enough wahteerf odwanedtaltomofty bany ome

aqui fer.

3ax] Uwdi w guUPil UU
There are t
i n which th
YLIXY.H

typesXQFRQI}QH®@eDasXL | i

WO princi al
e bl e moves up an(dsaewn fr

|
water t

Z7See,fo exampl e, USGS, i U S Gl8tps@graundwadewvatthausgs.gddt c h, 0 at
28 See United States Drought Monitorhip://droughtmonitor.unl.edu/

29The U.S. Environmental Protection Agency (EPA) plays a significant role in matters related to groundwater quality.
Such EPA authorities and activities are beyond the scope of this report.

0C. W. Fett e rAppligll Bydogcogyyed. gCoumbus, OH: Merrill Publishing Company, 1988), p.
565.

31 A confining layeris a bed or strata composed of relatively impermeable materials, such as clay, so that groundwater
flow through the layer is impeded or significantly restricted. The ability of a bed or strata to conduct groundwater flow
is referred to abydraulic condutivity. A confining layer would have a low hydraulic conductivity compared to an
aquifer.
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The Federal Role in Groundwater Supply

Figure 2.Unconfined, or Water Table ,Aquifer
(illustrating two types of pore spate

duwater
- LI s AR

Water (not ground water] held by molecular attraction
surrounds surfaces afrock particles

All openings below water table
full of ground water

Source: USGSUSGS Water Science Scho6l$ TXLIHUV D QG * iRy @ae Wshbldogau/
earthgwaquifer.htm{Modified by CRS.)

Notes: Above the water tablethe pores may contain water but are not completely full. Only the saturated
zone below the water table is considered the aquifer.

AFRQILQHG DITXLEHOUnt rast, i s an agqluaifre)y bweahain (a
i mper meabl e orhasaonfheiwgtéayeoesTheotcdmfeienhiyngnolve
cause the aquifer to be under pressure. As a res
water wil/l ri se abovieméehealktloptloé why boguifierl asd

case is rebdWHVYUODQ T XEIHAIXWH i n
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Figure 3. Different Types of Aquifers and Wells

Confining layer
(impermeable) Unconfined
aguifer

Confined aguifer Water table well

{ink unconfined aguifer]

Top of the
onfined aquifer

Source: Government of Canada, Environment and Natural Resourd&ster Sources: Groundwatepat
https://www.canada.ailenvironmentclimatechangegerviceshater-overviewsourcesgroundwater.html

Notes: The piezometric surface in the figure refers to an imaginary line that corresponds to where the water
level in the confined aquifer would esf not for the impermeable confining laydéralso corresponds to the
water level in the artesian wells shown in the figure.

The distinction between unconfined and confined
techwowmifgge ounawgeer stechdeffand depewding on what
aqui fer .Bsechonsgel aedonfining | ayer or | ayers sepa
water bodies, the degree of connection rbetween s
di stinct as it i%Grfoourn duwnactoerd nrneealit aniqguel d ;e fsia h € o
and unconfawatdteagmb¥essdownward fromftbhm | and su
rain and mel t i ,aq ds rsdFwoe almekcaognufi iftniemburr sde s
recharganwamned ude bwiulcth iamp,awehstktme/mdtisrrsri gati on di
canahapplied irrigation want ear snyocstt ecBoUndsiu brredhdd Gbgye dc r
UHFKDé&wldr camelbhe bedddrkfliynad @rquwinfceornfbhynewsi ng an
inject;bgnswpekhbhdi ng wat erwhaecrreo sist tchaenn 1tarniacnksl uer fdaocwe
unconfined &dguibuét di ngoanemmpepoandimgnst ore water
| eabugh the batntwamchagvwin hteal

The distinction between aanlesscomponedntnfioa wvodé
t bet ween IsnuldXddeé hwatcomfamedgragqun d
f

the connec n
m the river by a wobomdt ndinmged talyyeraf fs
n

n

i

i o
separated ro
groundwater i the confined wiqghudtf edi raenadt Ify oan ffea o
i n thlengkldXwHrdygnt rast, the unconfined aquifer 1is ¢
Under nat usr,alt hceo ngdviiofiullnodaw attoewar ctareda mt € ¢ d pt lpanel )
becauskopbwafetihseatbirar dop of Hbowesgér eamomewvieimes
when aquifers are sédbue¢cnhgtoadrexgassicoadpampineg f
bemcuse of a | ack ofdsheyaarewsbtiedUnbadoearb ésat brnetisesteyds t |

c ondi(tbiod nt so onf) pJaXyddlu mpi ng fwiotnk uas ewetlhle sMadpa tabl e

32 Decades of groundwater development involving hundreds or thousands of wells in some agricultural regions of the
United States, such aemet@edhave edtointecddrmect®esmbetweenlithe Whadnfined ynd
confined aquifers. Wells penetrating the confining layer above the confined aquifers can serve as conduits for
groundwater to flow up or down. See, for example, Claudia C. Faunt @r@lndwater Availability of the Central

Valley Aquifer, CaliforniaUSGS, Professional Paper 1766, 2009, pgB@&5
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away from the. tlop twlhach theast mne@mketkr ough the stre
bot bofol owt o t hteo waagrud ftelre. pumpi ng wel |

Figure 4.Unconfined Aquifer Without Pumping (top) and With Pumping (bottom)

Natural conditions

Water table

Stressed conditions

Source: Steven M. Gorelick and Chunmiao Zheri@lobal Change and the Groundwater Management
Challengep :DWHU 5 HRédeatdhFdIN51, March 28, 20i6th permission).

Notes: Under natural conditionén this particular casegroundwater flows toward the stream (arrows indicate
direction of groundwater flowpnd the water table is high enough to be accessible to treesptants During
pumpingwhen the aquifer is stressed, watiows from the stream into the aquifer and toward the well. Also,
the water table under stressed conditions drops below the roots of traes plantsiepicted in the figure
affecting their gravth.

Consistently stressed ctoemrdmtae fofngc twalmfd ia@uvrep idirga ma t
continues in ,erceeseasbhgrethleegwanet heablgaei may dr
hundr ed9gLDbXfYHf eJeiti wltada 9 oommccurred in many regions of

i ncluding t healGsgoalclbillgab daRgtubi efinesd e d wyii Megd yseesvte r a |
and GresatsbRhid@shi Bs€ent aal Valley. histohec@éntealkl
of pumpinigecwateddioalhlae i n s omdt lag elasand haur fidc & ¢
drop, or subsi)d¥XXYHn etEaxc eys s3i0v & eleaand subsidence ca
structur es, such as canals and | evees.
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Figure 5.Water Level Changes in the High Plains Aquifer, Predevelopment

to 2007
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Source: V.L. McGuire, Changes iW ater Levels and3orage in the High Plainsquifer, Predevelopment to
2007, lUSGS Fact Sheet 2009005, February 2009Modified by CRS.)

Note: Predevelopmeneffers to approximately 1950.
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Figure 6.Land Subsidence in the San Joaquin Valley Southwest of Mendota Between
1925 and 1977

Source: 'HYLQ *DOORZD\ HW DO “/DQG 6XEUSGS BiQuiad 1182990 KpH2B &L WHG 6WDWHV |
http://pubs.usgs.gaifc/circ1182pdfO6SanJoaquinValley pdf

Note: Approximate location of the maximum land subsidence in the United States, showing the approximate
relativepositionof the land surface in 1925, 1955, and 1977.

%l El UEOw EUDPYDPUDI UwEOEwW UUI OU1

The federal government directly and indirectly i
UnitedS&tatels.federal agenci es hmomidttdcre oggrgchund wa't
measurements adawel t sumainrdd gspatienlglsit es or ot her r
devices to provide information on groundwater f|
that helop inform st atemamlsadge nich cFudBdGII wvat er man
NASA, the Nat.i nal Oceanic and At mospheric Admin
provided other federal ageneil ¢ v ewiedhwfatt e =u toh erdi
federal water rbafboLlreogerowrnodjV\eacttesr aveac haege, stora
include the two pr | mpalUSA@(lﬂNehna:Ih wagptegratreess owar d e
and Reclamation (w ch operates in the 17 cotern
Re c Itai noan , USDA, and EPA al so provide some forms
groundwater storage, recharge, and recovery.

Congressional Research Service 12



The Federal Role in Groundwater Supply

Additionally, when the federal government reseryv
tribal resemavamoonmnmentpati o i mpliedly reserves &
accomplish the purposes for which the reservatio
doctrine has |l ong been recognized foeresdrfarce wa

gr ound(wsadteesrc.u s s iiGormo uinmddweartde r Ri ght s

&UOUOEPEUI Uw, OOPUOUDOT webOEwW UUI UUOI OU

Seveagddr &l agencies that have noameguwludathory zredal ¢
coll ect data, make obseovateonsfandhaassaessmegt s
supplies that supports decisionmakers at the st a
direct groundwater information and support for g
agencies, althouglb MARA prdtNOAAtalobservati ons &
groundwdtesvrant i nformation. USDA also collects gi
Selected activities within those four agencies a

486206 w&l OOOT PEEOwW2UUYI a

The Groumdlwatreeamf | ow I nformation Program, withi
mi ssion ar ea, funds activities that provide info
managemen® (Bivicolulti dnl® nofFWw2hOe adpdqmr bki onatpt ggbBam i
di r eactt egdr o rred vaatteadr acti vities, including the Nat.
Net wor k (*NTGWMNYGWMN is a compilation of selected
from federal, state, and | ocal moni tork nagr emet wor
accessible through a portal *Y8@s aomitai ssecsirtla
program through cwiotplerattatve amgd eleonezaltiswat er reso
FY2® Congress provided $3.9 niHd iaaméd oa sU StGSe teon d
amosnfor the pr®%vious four years

USGS also maintains a distributed groundwater da
|l ocally managed and contains data from more than
year s ngTerem laond di stri buted nature of the data i
seeking information about r keLg XbsiHhaolwsg raonu nedxvaaripe re t
one of the products updated daily from groundwat

33 Email from Jeffrey Onizuk, USGS Congressional Affairs, March 19, 2020.

#Advisory Committ ee NationalMZaouneWVater Moriboing Metvioik corhttast/fcida.usgs.gov/
ngwmnindex.jsp

35 Email from Jeffrey Onizuk, USGS Congressional Affairs, March 19, 2020.
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Figure 7.Below-Normal Groundwater Levels for Actively Monitored Wells
(data from 3,855 wells)

Explanatiﬂn - Percentile classes (symbal color based on rmost recert rieasurement |

© Real Time
L @ @ O Continuous
) <10 10-24 | 25-75 | 76-90 | >90 Mot | . Periodic
oy h 1
Much Below | Below T oy | Fbove — [hich Above g Ranked | — Measurements

Source: 8 6 * 6 Groundwaker Watch p litpé://groundwaterwatch.usgs.goet/ogwnetwork.aspicd=wl.
(Modified by CR$

Notes: Belownormal means that the wells shown in red or orange had groundwater levels at the 24

percentile or lower for the month the well was measured, compared to the entire period of record for the well.
In other words, if the well has been measured forysars, it would be shown on this map if the water level was
lower than 75% of the measurements taken over the past 50 years. Red dots indicate wells lower thah the 10

percentile; orange shows wells at thett@4th percentile.

I n additioandoproVilaeichgndat a, USGS conduct s

as assessing the groundwater avai [*&abmid it
national over vURXKEAVINLIDRW Ra W KHABSELWEH G bW Ddv
suggested that although groundwater gene

y in
He/r v
rall

st uckiuecsh as those )aogreduanped thntUS GBS document
of groundwater availabiliwgfeasrtbesecesengaraft

changes in an aquifer occur beyond the |

36 C. C. Faunt et alGroundwater Availability of the Central Valléquifer, California USGS, USGS Professional
Paper 1766, 2009, https://pubs.usgs.gqw/1766/

37 James A. Miller et alGGround Water Atlas of the United StatexSGS, 2000, dittps://water.usgs.gosgwiaquifer/
atlas.html

%sSee, for example, K. F. Dennehy, T. E. Reilly, a
States: The Value of QuantitativeRy i onal A $Hgdeogesloge Jourmalyob 23, no. 8 (December 2015), pp.
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The Federal Role in Groundwater Supply
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Figure 8. Shallow Groundwater and Soil Moisture Comparison from NASA Satellite

Data

May 18, 2020

0 20 0 70 & 90
Wetness Percentile

Source: 7KH 1DWLRQDO 'UR XJKWGI@uidaidaNd FOMEisigeVZ bhditions from GRACE

Data Assimilationn Dbt#fy://nasagrace.unl.edDéfault.aspx(Modified by CR$

Notes: Map shows wet or dry conditions relative to the probability of occurrence using the baseline period
from 1948 to 2012, expressed as a percentile. The lower values in the warmer colors indicat¢hemarormal
conditions (3@ percentile or less), and the cooler colors indicate wettbannormal conditions (70 percentile

or more). Areas in white express 8169 percentile, spanning the midpoint oft5percentile (the 5@

percentile indicateshat half the values are higher and half are lowEne map is available for the mtiguous

United Statesrom the data source and does not include Alaska and Hawaii

Dat a
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el d in
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arge,

al
n |
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regi onal
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Journal vol. 22, no. 3 (May 2014), pp. 5&10.

39 GRACE stands foGravity Recovery and Climate Experiment satellite {sgs://www.nasa.gowtission_pages/

Graceihdex.htm); SMAP stands for Soil Moisture Active Passive satellite (gg¥s://smap.jpl.nasa.ggv/
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other | arge aqui®Daessaudyndsaithag i@BIARE.t ed t hat t |
of groundwater in the Centr-mbnVal peyiadguiwlhasr eguwir
to nearly the cpacity of Lake Mead.

Scientists can use a special type ofl lreddar dat a
synthetic aperture radar i nt er fseurrofnaecter ye |teov adteitoenc
caused when the water table moves up and down. |
the technique to track how, t@a&l afgarnhniea, i med hilee ISa
depletion during a drought when conservation mea
pump¥Iing.t hat study, a cluster ofNASAliisanplsaantneilnlgi
joint missiam Swache thhees elanrdciht hGartg ewnolusledtc t onadar 202
i magery of nearly eve®y major aquifer in the wor

NOAA coordinates and amdefgyo dér@ans tdicmgeg at ,r sd @arec¢h

|l ocal, and achadeurijitad itshoewarl cd nt egr at ed .DrNd@AAt | nf ¢
usesf damat h e sseo uarncde so tthoe rc r, e asteea sdornoaungdhoto t ninaeposk s |,

drought indicators, incl ud%Ag yepfifceaclt sU.oS. dDrroouugghht
Monitor malpe, fiomdiexatmgs which regionsanaf the cou
|l ohge@rm i mpacts ftreoimmpdaougdtrediomgygs mean that dro
regés omydrol ogy, including groundwater resources.
NOA& constell atimaryyfabobhoigep swadti mer- satel |l it e

ti me atmospheric weather data that can be wused t
regions across the countryandhtemgtfedl ¢é¢c @stdataf c
precinpitthaatti,o for exampl e, can inform groundwater
available for groundwater r echaéarage.d MOAsSA rdvatnag f r
systems al sotéemdcli nnat eohgerecasts aadl tcd i mate n
hel p understand the potenti al effects of <climate

4 2 #

Thee nsuAgrofcul tur e ianatud qiwirri eck sbyt hleavbecretary of
conduct surveys deemed necessaruypjteaxc tfsurcmiveh ean rbu
cen¥lUBB@&nsus is a broad survey that includes ques
is conductedAewmery flevai Yyedr sational assessment

“OSee, for exampl e, NASAGRACETTellufGroummwates ¢ hitast/Jraaejpb.masaigavsr y , i
applicationsgroundwater/

41 About 31 cubic kilometers, or 6.8 trillion gallons. See J. S. Famiglietti et al., (ZBdtt)litesMeasureRecentRates

of GroundwaterDepletion in California§ Central ValleyGeophys. Res. Lett., 38, L03403, at

doi:10.1029/2010GL04624

“2Estelle Chaussard et al ., ARemote Sensing of Ground Defor
Practices: Application to the Santa Clara Valley During the 20021 5 Cal i f o Yowrnalof Geopbysight , 0

ResearckSolid Earth vol. 122, no10 (September 21, 2017), pp. 858832.

“See, for exampl e, NASASateltl Proepubeseée oBi ILiabom adt @dlrlyey Gis Qui
October 3, 2017, atttps://www.jplnasa.goviewshews.phpfeature6962

“See National Integrated Dr \WhagsNIDISPon frags:/iwave.drooght.g®k st em ( NI DI S
droughtivhatnidis.

457 U.S.C. 22049 et seq.
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ed StategaWastosnrhaMainagement Bamrmeygnd fRamah | vy
igation Survey), aadnsd coDwalicy edwever yt iinee ye
gmdus and underThmessameciagahioontgnd Water M,
e®,tonducted by the Nationah ASDhpUetnemal St ¢
basic irrigation data coll edted¥fisom all far

%l El UEOw 10 WEQWEBH@OOHPEUI Uwlli ET EUT T Qw2 U
11 EOYI Ua

Rechaggowmgdwater artificially with siumftalte water
pracitsi cgr owi ng at the |l ocal, st@dhequrain@a¢teémrder al |
supplies are curtailed because of drought, di ver
reasons, gr ous dde i ¢hdee malnrd fatdednii tfi adremand f or water
increases and additionabnsumkbasemagt eurnstoogr avu
Al ong the coastline, groundwater extrhaewet i on and
resulted in saltwater intrusionusprtiotthinseceaguaisfesr
to repleni skhrtelaeg eaquifrepmamndrmrtvamar ga eh md ot .
Groundwater rechar pd mayt bragartamd RecoOownNemuUNCt i Ve
managemenitn swhioatthe gsyur f ace aardugemblandwagegr oundwa
ti mes efwatefamelut phaosi ng gr oundwastne rs hwohretn ssuupr pflayc
Typi,galoluwdwat er recharge, storage, and recovery
aqgui heoaugMel | or allowing water(¢é,@agmpeaaiidgar ge fr om
spreadi(nwathearsiins s pr epaed coon attthele edgogwpnuiTintidee twoat er i s
stored in the aquifer unfbolt FTtesbhyhkEedldveupdg!| py a
i |1 ug¢ thperadt ceess s .

46 For more information on the most recent Irrigation and Water Management Survey, see U.S. Department of
Agriculture, Census of Agricul ture, Htgs@Mw8v.ndss.usdagm/t i on and W
PublicationsAgCensus20170nline_ResourceSarm_and_Ranch_Irrigation_Survieylex.php

47The USDA Irrigation and Water Management Survey differs from the UB&& use estimates report in
methodologies and reporting schedules and should not be condpacty. See footnoté.
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Figure 9. Groundwater Recharge, Storage, and Recovery

Streamflow is directed to an artificial recharge basin, where
water percolates downward to the underying aquifer,

A recharge well is used
to pump treated wastewater
into a deep, confined aquifer

Treatment facility

Variably saturated zone

Unconfined aquifer

Confining layer

Confined aquifer

Monitoring well showing
water level in confined aquifer

Source: National Groundwater AssociatiofNGWA), ‘Managed Aquifer Recharge: A Water Supply
Management Toplh 1*:$ , QIR U P D W20RIGwHh PdriissionModified by CRS.)

Notes: The figure shows how the aquifer is rechargesinga recharge well (on the right) and from recharge
basins (middle of the figure). The recharge well is rechamyitanfined aquifer, and the recharge basins are
recharging an unconfined aquifer.

According tomeseeet alagquesidii®O®©O&secharge wells and agq
recoverayl omegnéwsiyt r ec hhmye ba@einn < one tmaitinerd. acr oss

addition to technical, economic, and regulatory
water for these activities is crijstuebalt.hosnecr easi
managed by Recl aamaé¢i besiiagdectds RGE potential sour ce
watRecl|l amati on, USDA, and EPAnanei afsasposéeantcel
supporting aquifer rechaffpes stot &ge| cdledtail EC ege
authoritieerfot ogrngendwatcharge, and recovery.

Az

' UUI EQwOIl w1l EOEOEUDOO
Recl amatani 6ederal agency ofowhege ®eghauwnpdereand s 9off t h e
dams and wat er @Mriojeactioni rsttJueStlat ecso tweersmi nodfu st h e

Mi ssi RisvRpapcil amati on was created by Cd&whiehs in t
authorized the Secretary of the | ntlenr iaodrdittoi ocnons
to wat eRecslugpmdtyi,on facilitieseatsonprawiddéi shoad
bene¥Rietcd .amdttiesn several authorjitnicelsu theantghgr ottpdwa
to deliver project and excess water for aquifer

financial suppboivifoesth@ébesbheelaoust hori ti es are di
48 See, forexample, UEnvi ronment al Protecti on Ag eAyufer Rechamgelamd gr ound | nj

Aquifer Storage and Recower 0 httpst//www.epa.gowic/aquiferrechargeandaquiferstorageand
recovery#inventoy and Nati onal Gr AguifedStosageeand RAcovery: deed foriCadtical] A
Analysis of the Technical, Economic, and Regulatory Issuesdtp://www.ngwa.org¥lediaCenterissuesPages/
Aquifer-storageandrecovery.aspx

49 Act of June 17, 1902 (ch. 1093, 32 Stat. 388).

50 For a brief synopsis of Reclamation project authorization and finarsge@,RS In Focus IF1080&ureau of
Reclamation Project Authorization and Financily Charles V. Stetn
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ZEsS—SezetZ9’e¢1e™1 Ze'YZ>1 >"“ZE+1">1 (EZeel SeZ>1¢ 51 >"2-

OverRaelcll,amati on repor tomn nd sf extledlrhaodreirrt egsritagi ecd ti onrs e
watteor conftoracdmdwater recharge, and contractors L
recharge are not required whoa nhsoereska [alnyy rsepgeuciiraeld abp
Rec | anthaweod®n , o faflilscamivael sa c kdh dhwalt e Reg&| amatsit omg
autrhdies for gpenpewmtagdlurwse amased specificity o
may belrmesrefetxampl e, some aqui f eprrsojuencdte ralrieea sb, o twhi t
nomr oject areas being the pbrwafterdalmlse ed elniev eorry moa
factors (e.g.,oWwawardese Re@d @alxnidagy ontghia ud daloirv eén e s,
ofprojecd(iwaet.drosvawwer sh Recl|l ama)t ifonr hgrl adusn dwaa teer r
may libmeé tleand® Reéc¢chama@igermut bouindadi es. As a resu
hawe ged CocnlggrRegests atnbat i on auphojiwvattesf oo gedburmewar
rechargepoaf ec¢ te’broeficnldeamd teispor t s t h@tstgsome | DNast e
affect the use of thesel wagener dlo,r Reoluaardavtait @mr
the use of project or excess water for groundwat
occurring in aTthd efacslult chwifreghicgmna breagye be used by
Recl amation for groundwater storage:

X Section 9 of the Reclamation Project Act of
authority by which Reclamation is authorized
water far mumigapiad, a nsdu pmp Isyc ed U rapnoesoeuss. wat er
Recl amation interprets the porposésadef del i ve

groundwat.er recharge

X Section 1 of the Warren Act ,aouft hoerbirzueary 21, ]
Recl amatiiomt & oc cemttreact s f or therogrewdyance an
water thr ouclhltalpe offj @bt h a lwhaether i s to be used

i rrigat i one xpcuerspso sceas¥ dadnislt yva ue¢ hiogtisy has i n some
been used for g% oundwater recharge

X Section 215 of the RecRA.dmaddA7¢s Réfomrmt Aot i afy
Recl amati on uses tosemtvéercei mtogtt v a@mbice droy wat

or s&xcklood fl ows. Recl amation indicates that
t hevad ers for groundwater recharge

X Section 101(d) of the Reclamation States Emert
P.L..29@2Aaut horizes ReclamastabZbWhpPpdrticipate
EDQNY respon¥ to drought

51 Statement of Timothy Petty, Assistant Secretary for Water and Science, U.S. Departmenttefitire before the
U.S. Congress, Senate Committee on Energy and Natural Reséuit€&mmittee Hearing to Examine the 2018
Western Water Supply Outlook and Bills Related to Water Infrastructure and Drought Resllig#fa@ong., 29
sess., March 22, 2018.

52 See, for example, U.S. Congress, Senate Committee on Energy and Natural Re&quifeesecharge Flexibility
Act, Report to Accompan$. 1570 116" Cong, 1%tsess., October 29, 2019,Rept. 116155 (Washington: GPO,
2019). Hereinalfg%.rg AS. Rept. 116

53|n its report accompanying. 1570 theAquifer Recharge Flexibility Acthe Senate Committee on Energy and
Natural Resources noted that the ability to enter into a Warren Act contract for groundwater recharge has been
Afunevenl yo amioh SeSdRedd.1161B= c | am

54 Water bankingyenerally means the temporary storage of water in an aquifer for later extraction and use. See U.S.
Bureau of Reclamatioizroundwater Banking Guidelines for Central Valley Project WédterderP.L. 102575
§3408(d)), November 12, 2014, htps://www.usbr.govhpivaterbankingdocsivaterbankingguidelines.pdf
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X Secti dq(nc)3,40(8)of, tame Central Valley Project (C'
Act ofP.1L9-92DD@A Ut h EDIQ2MfQIhVeP wat er, consi stent
and subject to state | aw.

ZES—-Se7%29'e¢1e”1 >V eZ1 "—S—FE3F el ZMMS 4751 ¢7>Se7
Xx TitlXe Subtitle F (SeWarMandagement Secti on 950 :
Improvement) of the Omnibus P®bLi-cll1lhAnd Manag

11 awteRecli amat i ofni tan miralviassi st ance through
Wat er SMART program f%r groundwater projects.

x Title 111, Section 4007(c) of the Water | nfre
AcWwl ( N PAcLt.-3 22 4 wteRsec i amati on to-l pdrticipate i
storagewlpiroheznres defined to include groundwat
among other facility types.

x Title 111, Section 4009(a) of thef WII N Act ar
199, L(.-2 9D 4wt hBRetc kamat ipcmvide financial suppo
projects that involve the desalination of br:

X Recl amatTiiaproXwvam ( Pi LL-BDRPIr owfi des
Rec | amdttiheen a utoh d rmpw getneerntr ecycl ing and reuse

which may include prsejempaitrerat greandwatamd 1
4826w" 00aWwWOI ws O1T BOI T UU
USAC&n agency within the Department of Defense,
responsQ@aonigrietsi se sd isr eccitvsi IUSMOOQEKs activities throug

appropriatigohns o fa nigbh eavderesnicgnstructi on, and ongoi
water resqalutctcei prwpe&ssresponcadtidli tard iamleamnad s

commenavabati on, reduce riverine flood and coast
agatic etosWsBemstates and territories. I n under
USACE al so may pursue additional ©project benefit
recreation, fish and wildlThadUSeAEChanoements, t gpdcae
have navigation, flood control, and/or aquatic e
purposes and benefits are genkSAlQHEY]eeccndaryy or
support groundwater hrmgglarn ge nohutt hgemern anlalry mpeaiac |

t he Mobopewer, UWRAGHE addtyi wairtei dé mads upmrdrt of , |

ormance of, thabowstUSA€Ehapge at es its project

r
;

rformagrecundmamdf gavhdehedleaanids mteotr ebdy awtat er
ACE resegvounsgwat & ypumping.

USACE waeatepmrracjeeycptiswrddoironconsumpti ve wattehratuses (e
st wa¢ er to reduce the peak f)l ow toh a frewegspdaawirfiir
aut horized tekaeefpet @emasl govemoameawawiemeéd aghhy shas
statdSACBrpiMoj actcess prowat epruwaptiopspel sfudi ng

groundwat er r eccrhfaerder alc tdrtiittiieesss anar e responsi bl e

For more information on the Water SMAWREISMARD (Guseimand see U. S.
Manage Americads Re 9dttpst/ovevsuskr.gowatefsmantd r r o w)

56 The effect that USACE projects may have on altering hydrology in a basin, including natural recharge in the
floodplain, is beyond the scope of this report.
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pursuant .t & SHt€&tea albdwnot del i veryi nwatoenrt ruarsde rt oc or
Recl amasi ead, USACEe patoviitde sn e @o masgi engVv iace .a
USACE has some, al beit constrained,t of Ibeexniebfiilti t vy
groundwat¥&Thatohajegets wi ZbBWpUWr pRO@GUYFEHIWEW VXSG SO\
VWRUMGEEay be ablté etmo vodpsesmpert ®recharge.

Pri darVélt loNc t 2 0 WBS A ChEardo gener &lo naelstitborraigtey space i n
USACE projects f ori sskedarstombénopenasofi owanmfemt Hor
storage space is availablefhbasevdten soasemalathypd
woul d memiediipal aM&wandusNwppvlit.hstanding those p
with specific authorization d opr ovad ckkur € nisredivaati

seasonal operations for water supply could be co
authorized proj,eactd pubpesetstankdydawl ogic and hyd
projNoatf .eder al e mteMattieers scuopuwlldy usoe ethhance groundw
increase downstream flow, or to otherwise enhanc
purpbdbes, W&SACHwE angldmegr al authorities related t
sur pl usutwaareirt y and a water supplgf asutt hroage yatf oa
resefvoir

Titltehd IANfaddressed seasonal operation for water
recharge if three sections

X 6HFWLRRQNn a stateeméet e aecednr bleegchetmber 2015 and
Decemelr6, the Secretary of the Army is autho
water supply conservation measures, including¢
repleni shment or aquifer storage and recover)

X 6HFWLRRQnstaate with a drought emergency bet wee
December 2016, umpownernmher r etqhuee s$Se ofettdrey of th
authorized to prioritize the updating of the
structures in theosmabneusadassd nahcopporai enisnf ol
water conservation and water supply for such

6HFWLR®t the request of a nonfederal i nterest
may review pitaopaesadlsy (egadapti ver basins) to

x

57 CRS did not identify any federal restrictions on the use of water released from or water withdrawn from USACE
reservoirs for groundwater recharge, as long as that use is consistent with state law (i.e., the entity capturing the water
has a right to use ¢hwater pursuant to state law) and federal environmental protection laws (e.g., the Safe Drinking
Water Act). USACE does not track whether water released from or water withdrawn from USACE reservoirs is used
for recharge.

58 Some USACE aquatic ecosystemtoeation projects may have components that relate to groundwater (e.g., aquifers

may provide minimum flows into certain streams during-lewa t er condi ti ons). Given this repc
consumptive social uses of groundwater, USACE groundwel&tedecosystem restoration projects and authorities

are not discussed further in this report.

59 USACE Institute for Water Resourc&omprehensive Water Supply StuSigptember 2001, at
http://www.iwr.usace.army.miBortals7O/docsiwrreports01-PS 1.pdf USACE, Planning Guidance NotebopkER
11052-100, April 22, 2000, dtttp://www.publications.usace.army.nidrtals76/PublicationgEngineerRegulations/
ER_11052-100.pdf

60 For more on these authorities and how they are use@R8eReport RL3047&edeaally Supported Water Supply
and Wastewater Treatment Prograrasordinated by Jonathan L. Ramseur

61 USACE has published implementation guidance for each of the WIIN Act provisions discussed below; they are
available ahttp://www.usace.army.mMissionsCivil-WorksProjectPlanningLegislative Linksivrda2016/
wrda2016_impguide/
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increase the qwaatsetirpp i e$§ awvwaal hbdHeral water 1
devel opmebnyho ¢pir foyhiercdgy r onoedtdb wi nlge proj ect i s

managedaccessing water released from the pr o]
propesanay include diversion of water release
to recharge groundwater or for aquifer stor ac

As with other aspects of USACE reservoir operat:.i
nonfederal itéeBapue saanitvto thewiethat UUBSACEI es | s
progecbngr ass homalzley] mmadj sawthh ecigcagpasdt | i ty

I'n SeptemdEPdr| 2&ésdrdaft national actiod phan for w
foll owicmgnmaoadecmncoi pgr awingeri mteo USACE projects

Civil Works projects are developed, implemented, and operated witfederal sponsors

for flood risk management, commercial navigation, ecosystem restoration, regraation
environmental stewardship. Clarification on how the civil works project development
process can directly include water reuse considerations could enable better incorporation
of such reuse features in projects authorized by Conffress.

I n plaat,j ciunt erestelgas dbegn hgwoftdizmagtherturteo enhanc
groundwabhegeren agriaulurbral akF akbds r @remotmaet h d
nat ur al srfaltohoedrwatynan toahespedt chg@dredmrmas & | loavs

aut houUSAZCGEd v aémicarte #datsede appr oac®Blensonogn tlheegi sl ati o
chall emgstsalfloirs ridipg awinde a-r el peafeess yaantde g h't

maintaining flood ris% reduction in developed ar
4 2 #

USDAoes not have a feder al mandate to control gr
on private agricultural |l ands. The disproporti on
agriculture relative to other iindeastoliesi,nhoneeea

conservatiom,r alnat ed utca 5d ragu a ldwdrntedrcsta s d i t

" eZ>YSe'T—17e1 >"7—e Se7>

USDArovides agricul turantdegrmhod c@da sa swedildddi esdisiceela n c i a
to coomdarwe wat Arnumkeer of USDA agencies provide
outreach, ianddrdéedséamch o providing difactm feder al
irrigation best.FmananpemerntnfpranateiindetStearn a@islr r i gat i ¢
related best manadCRmbBe rRte ptog d H (RAIDAMAIRLDs L. Q 8ebe $IJULFXO!
2Q DUP THFKQRORJLHY DQG %HVW ODQDJHPHQW 3UDFWLFHV

Financi al assissenvatfon pracgatcteomadophi on is pr
omni bus farm bil |l 8Ag rMoaiuimipr reccveéetntd 8,20 tininPeb L2l O 1
11-%53)4 autdhar inazitenber of proghame advatspaoevedeocpsti

62.S. Environmental Protection Agendyational Water Reuse Action Plan DraBeptember 2019, p. 21, at
https://www.epa.gogitesproductionfiles/201309/documentsiaterreuse-actionplan-draft2019. pdf

63 For example, see Section 1184 of WIIN Act, as amended (33 U.S.C. §2289a), and Sections 1176 and 1183 of WIIN
Act.

Thomas Jacobson, i
FIl ood Management an

Too Much Water, Not Enough Water: Pl ann
d We&er mternationavbl.els no. B €Septemlieig2619)o
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ranch | and owners to atfdoepthwiacal azoniseranang, pwhi
pl anning anfdardmswatherofcomservati on measures, can
connection with financial assistance 6r through

The primary USDA agency administering both finan
Resources Conservation Service.

USDA al so conduatnsd waeeskenat resdh canrretass gr ni gati on tech

plant water use efficiency, hydr agloo gniacmec can nfeeom. i v
Primary research activities are conducted either
USD®A riammhur al research agency, or the National I n

admi nesteamur ab Suppgonpgehgtedustuerce and resear
state universities

48206wsOYDPUOOOI OUECW/ UOUI EUDPOOwW 11 OEa

To prdewéekopment of and private inves't"ment in wa
Congress authorized the Water I nfrastructure Fin
Resources Reform and PDev-2 i @mente Act 3389 1UR)YBLAC.( A/
WI FI' A authorizes EPA and UBACLCEun eod pobfvd dreactr eldo a
range of water infrastructur eo@rram.ect s. EPA i s i
Categories of project sdelWIldrilobylrga ni oirn cal susdi es taagnuci ef ef
rechar gkekevel opment of alternative water supplies
Activities eligible for WpheEAtassidspaaoei hgecl coe
acquisition of real property, and carrying costs
available to a number of entities, including pri
aqui fer r ecamalr geec osvt€orrya goer,oj ect s .

Projects carried out by private entities are regqg
WI FI' A assistance. W FIA requires private entitie
|l ocal , or tr i batlhegopreojnercetn.t Tshuep prparxtismum amount o
eligible project costs, but the act authorizes E
each year for credit assistance in excess of 499
toambunt of feder al assistance (i .e., WI FI' A and
of a @pcrod§te.ct

65 For example, the Environmental Quality Incentives Program (EQIP) provides financial assistance to address natural
resource concerns, including water consegovaunder the general authorities establisheg§h2401240G of the
Food Security Act of 1983(L. 99198), as amende(l6 U.S.C. 3839aa et seq.).

66 Most conservation technical assistance is provided by USDA under the general authoriti@odfCoaservation
and Domestic Allotment Act (P.L. 746), as amended (16 U.S.C. §590a et seq.).

67 This section wasantributed by Elena H. Humphrey&nalystin Environmental Policy.

68 The eligible entities include state infrastructure financing authorities; a corporation; a partnership; a joint venture; a
trust; or a federal, state, local, or tribal government, or consortium of tribal governments.

69 For more information on WIFIA, se€RS Report R4331%Vater Infrastructure Financing: The Water
Infrastructure Finance and Innovation Act (WIFIA) Progrdmy Jonathan L. Ramseur, Mary Tiemann, and Elena H.
HumphreysFor an example of a groundwater project funded in part under WIFIA, see the Pure Water Monterey
Groundwater Replenishment Projecthtps://www.epa.gowifia/purewatermontereygroundwatetreplenishment
project

Congressional Research Service 23



The Federal Role in Groundwater Supply

%l E1 UEOQw1l Ul UY]I EwldPT T UUwWUOOwW&UOUOEPEUI L
d

The federal government typically defer®%nto state
exciegpn has been the right to regul ate water supp
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Il ndi an conjdtédr>t €Coulrn Athddst & do ntgh ahte lidt t hat when t he
withdraws its | and from the public domain and r e
by | mplriecseatriveers, appuuhappnbpwanatedt hent he extent
accomplish the puoddPose of the reservation.

Al t houdRPWHU&t ri ne has been applied to federal re
feder al reser vedarnoghet sa nfbchrg ngorudauen wnifaghstes wfadre r .
Tri bal rnglwas erpop §opouexampl e, have not been | ega
rights to surface wat®ucl ams witmeer naailir adand egas

However, an ongoi n®ultehgearln cCaad e fGoirgnhtag iltngdiaan t r i |
groundwat et QWhilowtrr itrhee may establisH those rights

" OPOEUD] w' i EOT I wBOBOWIBOD 661
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Lortgerm changes to the climaterafsfiagt e ®egnptedeat Wmi
changes i nguaretaiptdp@gese,rmfs preci pitat,coaol di aefect ai

the avail abiliin yt hoe hfguintgiemedpgveart adrrue @i @intdat i on coul
affect the amount of wateaecgcbkladeredlwavr gnes haqui f e
growatder is available for irrigation, domestic w

amount of natur al reahleige asiiphpoegnacmgaatpbl e
suppl yvasnont aarad I)d mi Isiotme i mportant aquifers, suc
aquifer in California, the | argest Opeoxrcteisosn of r e
water applied tloo sehved gmortorpasn stphidt€Cahtaisogne sarg art u noonf f

70 Some legal scholars observe that the federal government has authority to regulate water resources, based on the

Commerce Clause and the Property Clause of the U.S. Constitution. For furthesidiscsee, for example, John D.

Leshy, fiThe Feder al Rol e i n HistingsaVgesNorthwestdaurndladt i ondés Gr oundwa
Environmental Law and Poli¢yol. 11, no. 1 (Fall 2004), p. 2.

“IWinters v. United States, 207 U.S. 564, §75(1908). Ato, in United States v. New Mexico, the Supreme Court

noted that fAthe éreserved rights doctrined is a doctrine b
deference to state water | aw in 0%6%((978reas. 0 United State
72 For more information on rights stemming from Winters v. United States, see CRS Report RIL3@ia98Reserved

Water Rights Under the Winters Doctrine: An OvervieywCynthia Brown (available to congressional clients upon

request).

73 SeeCappaert v. United States, 426 U.S. 128, 138 (1976).

74 For more information on Indian water rights and water settlement§R8eReport R44148ndian Water Rights
Settlementsy Charles V. Stern

75 SeeCRS Insight IN10857-ederal Reserved Water Rights and Groundwater: Quantity, Quality, and Pore 8pace
Peter Folger

®“Thomas Meixner et al ., Al mpl i cat iawerrRechangk inthe WestercUniked C| i mat e
St a tJeumal of Hydrologyvol. 534 (January 4, 2016), p. 127. Evapotranspiration is the combination of evaporation
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transitimomi gotdil mese cwisegalul d i nfluence how groundw
of these factors complicate any preciDa¢ aproj ecti
collected bdydthesUSGByut 8ASA, NOAA| mamav ¢ hteh & SDA
underisntghmtfFgr m trends in graumndwadirem gsatronrltheg e and
assessed against the effects of climate change i
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Intense gl obal i nti erf @ ute nicredgrced e mad les &€ haang e pr omp
i nvesthiogatai cghanging climate cowalfdeaftfiegt ground:
groundwatertbdephmbunh ahdwat e mqas éTehreasbel es tfuodri erse c
have hdepéedfy the many compl exietrime < oinrsveqluveed eisn ¢
climate change onTwor oburnodanda treerv iseuwp psltiuvedsi.es publ i s
are summarized bel ow.

One qhwdMeexnael)8y¥yé6thesized the results of severa
to gauge the impacts of future sctlaneeast e o€ hahge on
106neri ®rae) study focused atspdaei fsgclatd led )i farearjso r

becausee st udy aut hgdrosh@achd resisdairde e st mate t oo broad

pol i cy makhilatgsadanide st udies do | ittle torilluminat
regions, samhdlc hasarst a anpewa tt earn.Tphd@loirhyor s sel ected tlfh
western United States becauset bfidlt dateievaenptoo t tame en

humi d endsnghr e abundant supPlies of surface water
A conclusi on f raéwe tt hgee tsst undeyt bbesre h bdertyo gneays pdrre veai |
West, meani ng agerneeardagluliyh indhsatt itshepr edi cted to bec
availability of precipitation for rectheasge, and
may get wetter, increasing the availability of w
experiencing wetter <condiitni onhse o fuhlitduhceser n caevle roawgte st
of the gains, because of Naduwmteai re vsaysotreams ,0 ni m nvdh
snowpack playe an wmpertanpptygl and recharge, ar e
because of | ower precipitlaec aouas d ircafinshdmroemut h, p a
and maira in trheddovwether stuay notes that the i mpe

and respiration by plants. Hereinafter, Meixner et al., 2016.

7 See USGCRAmMpacts, Risks, and Adggtion in the United States: Fourth National Climate Assessment, Volume I
2018, U.S. Global Change Research Program, Chapter 3: \Kayeklessagé, https://nca2018.globalchange.gov/
chapterd/. See, also, the 2014 National Climate Assessment, U.S. Global Change Research Reygkéessage 4:
Groundwater Availability athttps://nca2014.globalchange.g@portsectorshater.

78 Meixner et al., 2016.

7 These included the Ogallala (or High Plains aquifer; NE, CO, KA, TX, NM, AZ), San Pedro (AZ), Death Valley
(NV, CA), Wasatch Front (UT), Central Valley (CA), Columbia Plateau (WA, OR, ID), Spokane \Rsithdrum

Prairie (WA), and Williston Basin (ND, MTaquifers.

80 Meixner et al., 2016, p. 125.
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sneewain shifts on groundwater are uncertain due
mountain sgtem aquifer
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i nherent in the distribution and trend of future
(al so JHQ@QHA DREX OFRGIHROYr GOGBsytudy reported addition
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global to the regional scale, similar to the fin
One oafr ttirheev ¢ ® wg githset 06l eeget ati on mosandhdwnm ttdebe
rechargehpreceshisange in precipitatiacdny ucsaurdedtbd nac
evapotranspiratThe fiinndiompalicmpieisesedhati ons of r
coul di fbfeieccualutse t he water consumed by vegetation
an aguOtberevesgwedhe Smpoidmthedtauwty t hat GCMs do
i ncorporate changes in groundwat erdiedtnl yot her wor
model ed i n the s®CM hampreosa atio mgnrloymh@wateer from ot h

res.ul ts

One confcrlouns itohne fsdmaaigyast i ng futurmre qubiatetsadrwat er s
|l oh@rm groundwater obseevemtitcbaesgee matchimheel b
t heir r ellh®&mieo dbmibgtehat gi ven all theaundedteadi nt i
revi ewed indicate that even the direction and ma
difficuttsome @ECMdmedel i ng resultswhegamtarsdr rechar
GCM results suggest the opposite Wwilke stim | ar r eg
most sensitive to changes® in climate, according

81 Meixner et al., 2016, p. 136.
82 Meixner et al., 2016, figure 1, p. 126.

8Brian D. Smerdon, AA Synopsis of CIl iJouantlef H@llolagywle Ef fect s o
555 (September 28, 2017). tdeafter, Smerdon, 2017. (One of the six reviewed articles in the Smerdon synopsis is
the Meixner et al., 2016, study discussed in this section.)

84 Smerdon, 2017, p. 126.
85 Smerdon, 2017, p. 127.
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Figure 10. Conceptual lllustration of Recharge Mechanisms Under Two Different
Climate Scenarios

(for the western United States)
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Source: Thomas Meixner et al.Implications of Projected Climate Change for Groundwater Recharge in the
Western United StategiJournal of Hydrologwpl. 534 (January 4, 2016), p. 12igure 1,(with permission).

Notes: Four different recharge mechanisms #dhestrated diffuse rechar§eresulting from infiltration of
precipitation and direct recharge of the aquifscusedechargérom rivers, streamsandlakes;mountain system
rechargérom where snow melts and infiltrates at the mountain front; amiyation rechar@@m excess

irrigation water that infiltrates the ground armdacheshe water table Under agreenhouseyasinduced

warming climate (h)some of the recharge mechanisms may be diministiech(asnountain system recharge)
and some may be enhancexli¢th afocused rechargejompared to 2@ century conditions (a).
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O her fazltlmawefnrpaynd i nfl uence on groundwater recl
supply. For gramphl@emdeélbeéon n€Cleirmate Change Fifth
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Sout hwest haviencdiareemtsrciomupintaeideitd maakeftf ects of drougl
increased groundlwateeplipeampdmgo fandisheo uandevrettde rh aswe p
toongressional tihmaet edsauigpaetpicova caeefe ssuppl i es by
enhanced aquifer recdhtaocoge @amaundwatadi linyan aqui
when surface water supBbXiistsi mg eawtulrdraiitlieads bfyord rR
USACE all ow federal projects to be involved in a
wayRecl amati on, USDA, and EPA also provide some f
support aquifer recharge, storage, and recovery.

A connection between federal water projects and

Ari zona, as pAaritz omfa tPireotjiwirtt,iricedrpdae me mtee cigvi a st a
More recently, California enacted three groundwa
Groundwater Mai@MAe)wdntc hAdti rected the California
Resoeis to identifryemnwadmgirominmgrhabdBeichowiae ehteat e.

provi deQenbtyr atlheval | ey Project is integral to the
of t h%i itsstl stoe,recogni zed as pasbubteshposanfaakl we
recharging aquifers &60thbte S68MAerns Bmptemewt el. s
Recl amati on waatlesrayi d foroks ttrou etnthrasmce t heir sources:
recharge by tappisng the feder al projec

8%Ji menez Ci $reshwatesResircesa!| | nt &r gover nment alinCheate EHangen Cl i mat e |
2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspeeigibution of Working Group |l
to theFifth Assessment Report of the Intergovernmental Panel on Climateg€12914, p. 240.

87 Increasing urbanization may include more covered surfaces, such as roads, parking lots, and other types of materials
that are less permeable to precipitation than natural surfaces and could decrease the amount of water thahénfiltrates
ground and reaches the water table.

88 For more information, seERS Report R4445&entral Valley Project Operations: Background and Legislatmn
Charles V. Stern and Pervaze A. Sheikh

89 See Cafornia Department of Water Resources, Sustainable Groundwater Management PigiemAvailable
for Replenishmen®pril 2018, athttps://water.ca.goiewsNewsRelease&018April-18Innovationlnvestmemand
InfrastructureNeedeeto-ReplenishGroundwateBasins
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%0 Brackish water generally is more saline than fresh groundwater but less saline thaerseantaining total
dissolved solids in concentrations ranging between 1,000 and 10,000 milligrams per liter (mg/l). Water with less than
1,000 mg/l is considered fresh; water with more than 10,000 mg/l is considered highly saline. Seawater i)8bout 35,

mg/l on average.

91 Jennifer S. Stanton et aBrackish Groundwater in the United StatekSGS, Professional Paper 1833, 2017, at
https://pubs.er.usgs.g@ublicationpp1833

%2JenniferS.6ant on and K eBrackish Groundater and ItsyPotential to Augment Freshwater
Supplies 0 USGS, F a3054, IBIyn20%¥ tditt@s0/pubs.er.usgs.g@ublicationfs2017308.
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